A technique used to determine the authenticity of artifacts that compares the oxygen isotopic composition of speleothems to the carbonate included within the patina of unprovenanced artifacts is of questionable value. The unprovenanced Jehoash Inscription Tablet and James Ossuary are of potentially immense historical and cultural importance. Nevertheless, they both were rejected by workers based on the oxygen isotope technique which provided the major foundational evidence of forgery in the longest running archaeological trial in Israel. Nevertheless, both these artifacts were determined not to be forged. The initial incongruence between the oxygen isotopes of the speleothems of the Soreq cave (Israel) purported to represent the unique composition of Jerusalem rainfall, and the patina on the artifacts, can be readily explained by the accretion of materials and geo-biochemical processes expected in normal patina formation in the Jerusalem region. The patina formation involves sporadic events in disequilibrium kinetic processes that are opposed to the equilibrium formation of speleothems in a sealed cave. Moreover, 23 of 56 patina samples (41%) on well-documented ancient artifacts from Israel yielded oxygen isotope values greater or lower than the expected speleothem values of −4 δ 18 O ‰ [PDB] to −6 δ 18 O ‰ [PDB] . Thus, the speleothem-patina correlation is invalid and the applied oxygen isotopes technique for determining the authenticity of patinas on artifacts is not a useful tool in the authentication of artifacts.
Introduction
An authenticity technique, one that compares the stable isotopic composition of the speleothems in the Soreq Cave (Judean foothills, Israel) to the carbonate included within the patina of the unprovenanced Jehoash Inscription Tablet (JI) and the James Ossuary (JO) was used to indicate that their inscriptions are not genuine artifacts [1, 2] . Both artifacts, if proved authentic, would have immense historical, cultural and religious implications.
Archaeological artifacts from the Holy Land, especially those that can be used for Biblical historicity, have academic and theological values. Unfortunately 90% of the artifacts in Israel including the West Bank were and are being looted (acknowledged in the Media by the Anti-Theft Department of the Israel Antiquities Authority (IAA)). We believe that all of these unprovenanced archaeological artifacts should not be ignored because of their unknown origins. Rather, they must be carefully investigated and the assessment of their authenticity should be debated by the scholarly community. Artifacts that have come to the market, collectors and to museums outside the framework of a formal archaeological excavation can still be of immense importance, provided that they are authentic. The Dead Sea Scrolls would be a prime example of one such an unprovenanced find. Thus, the ability to authenticate the unprovenanced material would enable historical studies to be based upon a much larger data set. A recent example of an attempt to develop such a technique is based on oxygen isotopic analyses of carbonate included within the patina of an artefact [1, 2] . This oxygen isotopic technique had provided the IAA the major foundational evidence for the purported forgery of the JO and the JI. The JO is an ossuary made of soft limestone dated to the first century CE, inscribed "James son of Joseph brother of Jesus". It was authenticated by the epigraphist Lemaire [3, 4] and was archaeometrically studied by [5] [6] [7] . The JI is a rec-tangular dark grey sandstone tablet (31 × 25 × 9 cm) engraved with 16 lines dated to the 8 th -9 th century BCE. The inscription commemorates the renovation of the First Temple carried out by King Jehoash, who reigned at the end of the 9 th century BCE, ca. 2800 years BP. The philology of the inscription was studied by Sasson [8] and Cohen [9] , and its archaeometric examination was researched by Ilani et al. [10, 11] . The trial resumed (March 14 th , 2012) by rejected the underpinning of the prosecution's claim that these two artifacts were forged [12, 13] . However, this oxygen isotopic technique is not employed in any laboratory in the world. In addition, this technique was not tested on patinas from officially excavated artifacts.
A detailed archaeometric study on the JO and JI inscription patinas and its host materials has been performed at the Geological Survey of Israel [5] [6] [7] 10, 14] which strengthens the contention that both inscriptions are authentic. Moreover, the newly revised study by the originators of this oxygen isotope tool [15] yielded more negative values for Jerusalem rainfall during the Roman-Byzantine periods, actually contradicting their evidence of forgery.
Methods
The mineralogic composition of the rocks and patinas both of the JI and JO were determined in the laboratories of the Geological Survey of Israel by using a transmitting ore mineral microscope a stereoscopic binocular (magnification up to ×50) and a Philips X-ray diffractometer. Samples were removed by using a diamond-tipped hand drill and from the patinas by peeling with a sharp steel blade. A scanning electron microscope (SEM, JEOL-840), equipped with an energy dispersive spectrometer (EDS, Oxford-Link-Isis) was employed for detailed inspection of the physical properties and structural features of the rocks and patinas, as well as for chemical analysis. A Hitachi S-3200N SEM with low vacuum was used for further analyses of microorganism content within the patina layers. Additional geochemical analyses were carried out using inductively coupled plasma atomic emission spectroscopy (ICP-AES) [5, 10, 11, 14] .
Results
The oxygen isotope technique [1, 2, 16, 17] that has had the most influence on the authenticity decision debate is actually one that most of the experts in isotopes have had the least experience with and many professionals in the liberal arts are not familiar with the technique. One may expect, considering the importance of the artifacts and the importance of the scientific members of the IAA committees, that a robust and unambiguous data set would have been presented, backing up the newly oxygen isotopic authenticity method. Such was far from the case. This technique sounds scientific however the entire isotopic data base had not been released. Patinas in officially excavated artifacts were examined only from 3 items from one location by the researchers [1] which statistically could not support this method.
The method that was to validate provenance, and thus authenticity, compared the oxygen isotopic values preserved in dated stalagmites from the Soreq Cave [18, 19] to the oxygen isotopic values in the patina from artifacts purported to come from Jerusalem. The method compared oxygen isotopic data from stalagmites to the oxygen isotopic values in the patina that had developed upon the surface of the JI Tablet [2] and from the patina in the surface and the grooves of the incised lettering of the ossuary [1] . The underlying idea is that the speleothems, provided that they have formed under equilibrium conditions, will preserve the isotopic signature of the drip water of the cave, which itself is a reflection of the local rainfall. The chemistry of speleothem (calcium carbonate crystals of stalactites and stalagmites) formation is well known [20, 21] . Once deposited there are no subsequent isotopic changes over time until the material is sampled. The oxygen isotopic values of the speleothems are related to the oxygen isotopic values of the cave's drip water which in turn are related to the groundwater values and the isotopic composition of the local precipitation. If the average annual temperature at the surface is known, then temperature changes can be deduced for the period of time that the speleothem had been growing. The oxygen isotopic composition of rain and groundwater has been studied in Israel. It is found that the hydrogen and oxygen isotopes in modern precipitation are delineated by a specific mutual relationship that forms the Eastern Mediterranean Water Line [22] . Modern rainfall in the Middle East is restricted to the winter months. Though minor inputs from the Red Sea are contributors, the dominant moisture source for central Israel is the Mediterranean Sea [23] whose oxygen isotopic composition has remained the same for at least the past two millennia [24] . The isotopic fraction processes of oxygen in the hydrologic cycle are well known [25] [26] [27] . The rainfall recharge parameters immediately above the Soreq cave are sufficiently documented [18] [SMOW] ) and becomes more negative in a predictable manner as rain falls further northward. Not only do speleothems (stalactites and stalagmites) preserve the oxygen isotopic signature of past rainfalls as they grow, they are readily amenable to absolute dating by the radiocarbon and by the uranium/thorium methods. Working with the assumption that their changes in δ 18 O ‰ can be translated into rainfall values it was claimed that the speleothems recorded very precise rainfall proxy. Thus the rainfall proxy data for Jerusalem, in the form of oxygen isotopic values preserved in stalagmites, were reported from the Holocene into the Pleistocene [19] . Alternative proposals that related isotopic changes to a source effect [29, 30] rather than reflecting to the changes in local rainfall appear to have been dismissed out of hand. Kolodny [31] make a particularly cogent argument that the δ 18 O variations recorded in the speleothems are a result of isotopic variability in the moisture source rather than changes in precipitation over the cave. Be that as it may, extrapolations [32] were made to the chronologically broadly spaced data to demonstrate that the average Jerusalem rainfall for the last 3000 years was invariant and confined to the range of −4 δ 18 O ‰ to −6 δ 18 O ‰ [SMOW] as it is today. From this extrapolation the assertion was drawn determining the annual rainfall in the Jerusalem area for the last 3000 years to approximately 500 mm. Thus, it was asserted that a new method for determining authenticity of artifacts purported to be from Jerusalem region was available. It was based on the assumption that carbonate included in the patina of genuine artifacts should not deviate from values correlative to rainfall of −4 δ 18 O ‰ to −6 δ 18 O ‰ [PDB] . The geographic latitude of its "true" provenance would be related to the amount that the values deviated from Jerusalem rain. More negative values would imply more northern latitudes, and vice versa.
The oxygen isotopic method described in Ayalon [1] has never been used to test for the authenticity of artifacts. Thus, when samples of patina were taken from the surface of the JI and the JO not all of the oxygen isotopic analyses fell in the range deemed to be the acceptable values for carbonates precipitated from Jerusalem rains (−4 δ 18 O ‰ to −6 δ (Figure 1 , # 4) are presented [15, Figure 6 ]. These new data now prove that the climate during this crucial period was much wetter than today's rainfall between 800 -1200 mm annually. These negative values, previously considered as indicating "forgery," are now taken as prima facie evidence of climate change. During this period of more intense rainfall the rainout effect lead to greater δ 18 O depletions in the average annual rainfall. Data that had been directly measured on speleothems from this time can't reject the authenticity of the JO and the JI. The new more negative oxygen isotopic data of [15] during the Roman to Byzantine periods contradicts the forgery determination of Ayalon [1, 2] .
Discussion
The assumption that patina formation on the artifacts is similar to speleothem formation [1, 2] is incorrect. Moreover, assuming that isotopic values within the carbonate of a genuine patina must be related to that of a contemporaneously formed speleothem was not established (op. cit.). A speleothem forms as calcium carbonate precipitates slowly and continuously year round from drip water, usually in a closed cave, forming stalagmites and stalactites. The carbonate in the speleothem forms under equilibrium conditions. The oxygen in the speleothem is continuously exchanging and equilibrating with the oxygen in the dissolved inorganic carbonate and the water, as well as with the water and water vapor of the constrained environment of the cave. Speleothem is a relatively pure calcium carbonate that has not undergone resolution and that forms in a closed environment having approximately 100% humidity, constant temperature, and is devoid of secondary carbonate input. Thus, oxygen isotopes of a speleothem can be used for assessing climatic changes [18] .
The patina, on the other hand, is a thin outer layer produced by changes on the surface of a rock by weathering after long atmospheric exposure [33] . The patina includes the extraction of minerals from the stone, the sedimentation of airborne dust particles with the contribution from the burial environment, and the micro-organisms living on the stone surface. All of these biogeo-chemical activities change the morphological and mineralogical surface of the stone, including color changes. Thus, whatever adheres to the weathered surface of the object comprises the patina. The process is sporadic (not continuous as in speleothems) and the rate of accretion is not uniform. The processes can take place at the land surface or buried in the soil, as often occurs in a Tel site. Microcolonial fungi play a key role in the alteration and biological weathering of rocks and minerals and are known to concentrate and deposit manganese and iron [34, 35] . They are microorganisms of high survivability, inhabiting rocks in extreme conditions, and are also known to survive in subsurface and subaerial environments. We found long-living black yeast-like fungi that form pitted embedded circular structures of 20 -500 microns in size on the surface and inside the letters of the JI [11, Figures 9 and 10 ] and in the letters of the JO [36] . This biopitting is a clear evidence of geomicrobiogenic activity that covers all surfaces of the artifacts and grows very slowly over dozens to hundreds of years [11] .
The isotopic composition of authigenic carbonate that might form as a precipitate on a surface would be determined by kinetic reactions. Kinetic reactions, as opposed to speleothem equilibrium reactions, will not preserve any of the original environmental oxygen isotopic signatures of the rain. The patina is composed of any mixture of substances both authigenic and allogenic. It can include the incorporation of a multitude of different particles from many sources. A patina can host clays, silts and sands of any composition, precipitated salts, including carbonates, microfossils pollen and dust. The dust represents anything that the wind can transport, from near or far locations. The content and sources of dust in Israel in general have been well studied [6] and can be a mixture of whatever carbonate particles happen to be part of the local environment and/or particles which have been transported as far as a thousand kilometers from the Saharan or Arabian deserts [6, 37, 38] . This composition of the various carbonate sources contribute to the atmospheric dust and soil and their oxygen isotopic composition can vary greatly. Thus, isotopic composition of the naturally occurring carbonates in the Jerusalem area can vary greatly. The negative oxygen isotopes found on both JI and JO could well represent natural genuine values and surely not the carbonates precipitated from rainwater. The presence of allogenic carbonate or mixtures of allogenic carbonates, as a normal component of patina does not seem to have been considered when Ayalon [1, 2] declared the objects to be fakes. They did not recognize that speleothem and patina formation represent different processes. The values of the oxygen isotopes of patinas do not match a narrow rainwater range of −4 to −6 δ 18 O ‰ [PDB] that were assumed to reveal a forgery. They proposed that lower negative values for the patina of the JO and JI either represent precipitation outside of Israel, considerably to the north, or carbonate precipitated from Jerusalem water at an elevated temperature. Therefore, it was proposed that the "forgers" ground up limestone from Jerusalem, dissolved it in hot water (50˚C) that would account for the negative isotopic values that they deemed anomalous.
Ilani et al. [10, 11] found gold globules (1 -4 microns in diameter) within the patina of the JI as well as soot dated radiometrically at about 2300 years. Goren [2] suggested that to the patina "soup" the forgers added the minute gold globules and 2 millennia old powdered charcoal to account for the radiocarbon age. When the paste was ready it was supposedly painted on. The two positive isotopic values encountered in the JI, they claimed, were the result of their sampling marine microfossils embedded in the patina. These, they reasoned, were remnants of the grinding process that did not dissolve in the boiling water; for the oxygen isotopic values are exactly within the known range of marine limestone [39] . Ayalon [1] and Goren [2] claimed to have dissolved limestone in boiling water, but, limestone does not dissolve in normal Jerusalem water, rather it precipitates in hot water. Limestone dissolves in acidic solutions not alkaline Jerusalem water. The acidity that will dissolve limestone, albeit slowly, would come from carbon dioxide in the air that dissolves in the water to form carbonic acid, preferably at low temperatures. At high temperatures the carbon dioxide gas would be driven off with carbonate precipitation. The presence of marine microfossils has a much more mundane and natural explanation. Jerusalem is situated on Cretaceous marine limestones and dolostones. The building stones were made from these carbonates that crop out all over the region as they have for thousands of years. Mechanical weathering of the marine limestone erodes out the abundant microfossils. These microscopic fossils are a large component of the local dust [6] . It would be suspicious if an object from Jerusalem did not contain this carbonate dust in its patina. Thus, the origin of the heavier isotopic values close to zero δ 18 O ‰ [PDB] is mostly likely due to the presence of marine fossils in the patina. Therefore, they are not anomalous or evidence of forgery. In addition, it is quite easy to demonstrate that values more negative than −6 δ 18 O ‰ [PDB] are to be expected in patina from Jerusalem due to accretion of dust, soils and Tel remnants (particles of plaster and charcoal) from the surrounding area that can easily contribute oxygen isotopic values of carbonate that are as negative, or more so, than the values of the suggested speleothems datum line of the Soreq cave. The "speleothem model" that Ayalon [1] and Goren [2] used is not indicative of patina production in artifacts.
Oxygen isotopic data for rainfall presented by BarMatthews [18] during the last twenty years over central Israel demonstrates more variable annual amounts. The average annual rainfall for the period of 1991/1992 was 1000 mm of rainfall with 7.1 δ
18
O ‰ [SMOW] indicating that in the past there were more seasons of exceptional plentiful rainfall not limited to the rigid 500 mm annual concept of Ayalon [1] .
Let us present a few oxygen isotope values of the most obvious plausible, natural components that form the patinas. It was claimed that the surface of the JO and JI were cleaned [5, 10, 16] . Let us look at the isotopic ratios found in three of the most common commercial detergents available in Israel. These are clearly shown to be more negative [40] ranging between −6.26 δ (Figure 1, #6) is found in the outcrops of the "Mottled Zone" of the Hatrurim Formation [41] found on the immediate outskirts of Jerusalem. These negative values were generated by decarbonation reactions that should be very common in Jerusalem where thermal reactions and mortar used in construction were prepared and in which carbonate rock (limestone, dolostone, or marble) was combusted in the presence of common silica minerals (e.g. quartz sands, feldspars). This resulted in the release of carbon dioxide gas whose oxygen isotopes are enriched in the heavy oxygen isotope, whereas, the calcite that is formed is enriched in the light oxygen isotope (yielding more negative δ
18 O values). Matthews and Kolodny [42] have shown this to be true for the Mottled Zone. Faure [43] shows that this is a general feature for all decarbonation reactions. Decarbonation reactions are common and can account for quite negative carbonate ). Remnants of these crusts that experienced thermal events would be expected to be present in the soils of Jerusalem, especially in vicinity of the Temple Mount. Still more negative values can be found in soils (and from there to the patina in a buried object) due to the burning of wood and destruction during wars, in a Tel site (with particles of lime and plaster). Plentiful calcite phytoliths undergo decarbonation reactions that results in even more depleted values [45, Figure 1 , #9]. These phytoliths were available for subsequent incorporation into the patinas of buried objects. Statues and marble building stones were imported by the Romans. Their rubble contributed to the carbonate variations in the soils and dust of Jerusalem. The δ quarries from Greece and Rome [46] Figure 1 , #11]. Once calcite grains weathered from the paleolake exposures are added to the Saharan and Arabian dusts they would become indistinguishable from other calcite grains derived from other sources.
The only oxygen isotopic study of the patina on artifacts from Israel (and probably from the world) was carried out by Shemesh [53, Figure 2] . He studied the oxygen isotopic composition of carbonate in the patina of 56 well-documented artifacts obtained from formally sanctioned archaeological excavations of the Biblical Era from the Jerusalem region and from other parts in Israel. [PDB] . This probably indicates that we are monitoring, as previously described, a kinetic process in patina formation in which the oxygen isotopes are in disequilibrium and completely different from the mode of speleothem formation in a closed environment. According to Shemesh [53] more negative values than −6 δ 18 O [PDB] are entirely common and indicative of a genuine patina. The carbon isotopic data from the patina's calcite exhibits wide range of distribution between −5 δ 13 C ‰ to −25 δ
13
C ‰ with no trend or connection either to geographic locations or to archaeological age [53] . Adding the δ 13 C ‰ values to the oxygen isotopes results does not aid in defining archaeological provenances or authentication.
It is impossible to use the isotopic composition equation as did Ayalon [1] and Goren [2] for archaeological patinas. Indeed, now there is certainly a reason that the same oxygen isotopic values can be used to support the fact that the patinas of the inscriptions of the JO and the JI are authentic.
Conclusion
Patinas on artifacts collected from officially documented excavations indicate a wide range of the oxygen isotopes. Thus, the validity for authentication of artifacts is questionable and does not support an act of forgery. The formation processes and the material included in a patina are not in any way related to precipitation of speleothems purported to represent the unique composition of Jerusalem rainfall. The patina on the artifacts can be readily explained by the accretion of materials from the environment related to geo-biochemical formational processes. The speleothem-patina connection is not valid. The level of our understanding of the mechanism creating the patina and the processes that determine the oxygen isotopic composition is not yet developed enough and is insufficient to maintain that a new scientific tool allows identification of a forged patina. Moreover, we agree with Shemesh [53] and Judge Farkash's verdict [12, 13] that it is sufficient to establish reasonable scientific doubt about the validity of the isotopic examination used to detect archaeological forgeries. Thus, the archaeometric research applied to the JI and the JO [5, 7, 11] strengthens the contention that both inscriptions of the Jehoash Inscription and James Ossuary are probably authentic. In the future, there is a need for more research on stable isotopes which should be done on an authentic provenanced patina in order to confirm the relationship between an authentic and fake patina.
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